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Platelet activating effect of cigarette nsoldng appears to be 
important tfi the development of fttberasderocts. We previ¬ 
ously demonstrated a reduced sensitivity of platelets to 
exogenous prostacyclin (PGI*) in vitro from patients with 
proven atherosclerotic disease, indicating a possible role of 
altered platelet function in the development of atherosclero¬ 
sis. We now hypothesize that cigarette smoking might be an 
important cause of altered platelet sensitivity to PCI* 
observed in patients with atherosclerosis. To test this hy* 
pothesis, the response of plktelets to exogenous PGL, was 
tested in chronic smokers and non-smokers, prior to and 


after smoking two cigarettes (active smoking) and prior to 
and after exposure to a tobacco smoke-contaminated atmo¬ 
sphere (passive smoking). Ibis study indicates that platelets 
of chronic smokers are less sensitive to exogenous PCI, than 
platelets of non-smokers, in addition, active as well as 
passive smoking decreases platelet sensitivity to PCI, in 
non-smokers, whereas chronic smokers exhibit no further 
decline. We conclude that decreased platelet sensitivity to 
PCI* might be an important contributing factor to the 
altered platelet function observed in patients with athero¬ 
sclerosis. 


Qmolang has been incriminated as a pathogenetic fae- 
^ tor in cardiovascular disease . 1 * Tobacco smoking is 
associated with an increased risk of myocardial infarc¬ 
tion ; 3 sudden death and arterial thrombosis occur more 
frequently in cigarette smokers . 45 Because blood 
platelets appear to play a central role in the initiation of 
arterial thrombosis, the difference in aggregation be¬ 
havior in platelets from smokers and non-smokers 
seems to be important. The influence of nicotine and/ 
or other cigarette constituents on platelet function has 
been investigated in several in vivo and in vitro 
studies. From these studies it is known that smoking 
induces enhancement of plhtelet function.* Evidence 
supporting this idea includes an association of smoking 
with increased ADP-induced platelet aggregation in 
platelet-rich plasma , 7 an enhanced tendency of plate¬ 
lets to aggregate in blood/* a shortening of platelet 
survival 10 and increased thromboxane synthesis . 11 “ In 
addition there is some evidence that smoking might 
exert its action by reducing vascular prostacyclin 
(PCI*) synthesis.” Since we have previously demons 
strated reduced platelet sensitivity to exogenous PCI 2 
in vitro in patients with atherosclerosis , 14 we wondered 
whether cigarette smoking might decrease platelet 
sensitivity to PGI t . Because of recent observations 15 ' 1 * 
that passive smoking increases the incidence of various 
diseases primarily associated with active smoking, we 
also wondered whether even passive smoking could 
influence platelet sensitivity to PGI t . If platelet sensi¬ 
tivity to PGI t were suppressed by active or passive 
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smoking, then we could consider it an additional 
important mechanism of arterial thrombosis. 

Material and Methods 

Active Smoking 

The subjects of this study were 14 healthy male volunteers whose 
ages ranged from 28 to 36 years Seven were non-smokers and seven 
were moderate-to-heavy smokers I at least one pack a day for at least 
ten years). Standard commercial brands containing 1.5 mg nicotine 
and 25 mg tar per gram of cigarette were used The smokers re¬ 
frained from smoking for at least four hours pnor to the test 
procedures. and no medication was allowed for two weeks pnor to 
the studies. A 19 gauge plastic cannula was inserted into the 
antecubitaj vein 15 mm pnor to baseline measurements to avoid 
repeated venous, punctures. Then the patients were told to smoke 
two cigarettes, one after the other, within 10 min. Immediately 
before and 15 min after smoking two cigarettes, blood pressure, 
pulse rate, and Ventilator function tests were performed and blood 
was drawn. Blood pressure was measured with the ICorotkoff method 
by the same observer. Ventilatory function was assessed by spirome¬ 
try using a Fleisch pneumotachograph attached to an electronic 
device {Siregnost FD 10. Siemens Elema, 19) and recorded on an x*y 
recorder (Hewlett-Packard). Vital capacity (VC, L) was determined 
by a slow inspiratory effort 

This was followed bv three attempts ofFEV, maneuvers (FEV,. L) 
After completion of these procedures, forced expiratory flow volume 
curves were obtained. Forced expiratory flows at the moment when 
50 percent of the vital capacity had been expelled (FEF», L/sec) and 
when 75 percent had been expelled (FEF*. Usee) were read 
directly from the flow volume curves. The best of three attempts was 
used for calculation. 

Blood withdrawal was performed from the previously inserted 
plastic cannula. Nine volumes of blood were mixed with one volume 
of 3:8 percent tnsodium citrate solution to obtain ciliated blood. 
After centrifugation at 150 % for 5 m in, platelet-rich plasma (PR?) was 
obtained. PRP was then removed and platelet-poor plasma (PPP) 
produced by further centrifugation of 1500 g for 15 min. PRP was 
adjusted with PPP to give a pbteiet count of approximately 
250 x 10Vpjl ADP (in a rather high concentration of 1 mmol/1) was 
used to cause irreversible platelet aggregation measured in a Born- 
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Figure 1 individual data points and 
means of systolic and diastolic blood pres¬ 
sure (BP. mmHg' before and after smok¬ 
ing 2 cigarettes in smokers and non- 
smokers 


rvpe aggregometer On all occasions, second phase of ADP-induced 
platelet aggregation was seen The maximal extent of platelet 
aggregation i^Tmax) was calculated assuming that PPP was 100 per¬ 
cent and PRP was 0 percent aggregation In addition. ADP-mduced 
platelet aggregation was inhibited by increasing concentrations of 
PCI, (1,2.3 ng/ml) being added 60 sec prior to ADP From this the 
sensitivity index of PGIj (Slrci,^ calculated (SIpci, * hlD». 
ID*, « the concentration of PGI^ necessary to inhibit ADP-induced 
platelet aggregation to 50 percent). 

hxssive Smoking 

Another 22 healthy male volunteers, 13 smokers and nine non- 
smokers, whose ages ranged from 25 to 40 years, were exposed to 
cigarette srnoke. Smokers refrained from active smoking for at least 
four hours before studied! 

Volunteers were kept for 20 min in an 18 m* room in which testers 
smoked 30 heavy brand cigarettes just prior to the exposure period 
This concentration was calculated to be that occurring in discos, 
restaurants etc. Again, blood was drawn before and 15 min after the 
passive smoking period and aggregation studies were performed as 
previously described. 

Statistics /Analysis 

Paired and unpaired Students t-trsts were used to compare results 


within and between groups respectively. Differences were consid¬ 
ered significant when p<0 05 

Results 

Active Smoking 

Prior to smoking two cigarettes, neither smokers nor 
non-smokers exhibited any difference in either systolic 
or diastolic blood pressure (Fig 1) or in heart rate (Fig 
2)j After smoking two cigarettes, blood pressure re¬ 
mained unchanged (Fig i), whereas a significant in¬ 
crease in heart rate could be observed in both groups 
(Fig 2). There was no difference in VC and FEV, prior 
to or after smoking between smokers and non-smokers 
(Tabte 1). However, smokers had lower forced ex¬ 
piratory flow r rates compared to nonrsmokers, before as 
well as after smoking two cigarettes (Table 1). Smoking 
two cigarettes did not alter any ventilatory’ parameters 
studied in either group 

Prior to smoking two cigarettes, the aggregation of 
platelets in response to ADP was the same in smokers 



Figure 2 Individual data points and 
means of heart rate (HR. beats/mmute) 
before and after smoking 2 cigarettes in 
smokers and non-smokers. 
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Table 1 —Individual Lung Function Paramrtrri before and after Smoking Two Cigarette* m Non-gmokert and Smoker » 




VC (L) 

FEV, (L) 

FEF, 

(Usee) 

FEF. 

(L/«c), 


Before 

After 

Before 

After 

Before 

After 

Before 

After 

Non-smokers 

1 

6,5 

6.1 

4.3 

4.6 

4.3 

54 

2.2 

2:8 

2 

7.8 

7.6 

5.8 

6.2 

11.4 

9 4 

3.7, 

5,3 

3 

6.4 

6.5 

5.6 

5,8 

5.6 

5.8 

2.9 

3.3 

4 

5.6 

5.8 

3 7 

4.6 

5.1 

4.8 

2 6 

24 

5 

3.5 

3.6 

2.8 

2.7 

4.3 

3.5 

24 

14 

6 

4.5 

4.fi 

4.3 

3.7 

5.9 

5.2 

4.5 

4.1 

7 ^ 

5.6 

4.8 

4.0 

3.9 

5.1 

4.1 

2.1 

2.1 

mean * 

SEM 

5.72:0.5 

5.6 s 0.5 

4.3-04 

4.5*05 

6.0*0.9 

5.5*07 

2 9*0.3 

3.1*0.5 

Smokers 

I 

5.3 

5.5 

4.1' 

4.6 

6.2 

7.3 

37 

3 9 

2 

6.4 

6.3 

5.1 

4.5 

5,2 

5.2 

2 4 

2.2 

3 

4.6 

4.7 

3.2 

35 

3.9 

3.1 

2.7 

1.4 

4 

6.0 

6.5 

4.5 

4.5 

5.0 

4.8 

2.2 

2:7 

5 

5.8 

5.7 

4.2 

4.2 

4.7 

4.5 

2.6 

2:1 

6 

3.9 

4.46 

2.9 

29 

3.0 

2.6 

1.1 

1.2 

7 

46 

4.7 

3.5 

3.2 

3.5 

3.1 

1.6 

10 

mein * 

SEM 

5.32:0.4 

54*0:3 

3.9*03 

3.9*0 3 

4.5*0 4* 

4.3*06* 

23*0:3* 

2.0*:04t 


•p<0.1i 

tp<0.05, smokers vs non-smokers 


and non-smokers (48 ± 4 percent in smokers vs 44 ± 4 
percent in non-smokers) However; platelet sensitivity 
to PGI,, expressed as sensitivity index to PGI,, was sig¬ 
nificantly lower in smokers compared to non-smokers 
(Fig 3). After smoking two cigarettes, ADP-induced 
platelet aggregation did not change in either group 
(49 ±2 percent in smokers vs 50 ±2 percent in non- 
smokers). In contrast, the sensitivity index to PGI, 
significantly decreased in non-smokers, almost reach¬ 
ing baseline-level for smokers (Fig 3). In smokers, 
however; no further decrease in platelet sensitivity to 
PGI* could be observed. Thus, after smoking two ciga¬ 
rettes, no further statistically significant difference 
between smokers and non-smokers could be found. 

Passive Smoking 


Sensitivity index to PGI* again was significantly 
lower in the smoker group as compared to non-smok¬ 
ers (Fig 4). Passive smoking in non-smokers induced a 



Ficurx 3. Sensitivity index of PCI* (Slao*) before sod after smok¬ 
ing 2 cigarettes in smokers and non-smokers. 


significant decrease in platelet sensitivity to PCI*, 
whereas in smokers no further decrease could be 
demonstrated. 

Discussion 

The main finding of this study is that smokers' plate¬ 
lets are less sensitive to the anti-aggregatory action of 
exogenous PGI* compared to platelets of non-smokers. 
Further; our results show that only in non-smokers 
does acute inhalkdon of tobacco smoke decrease plate¬ 
let sensitivity to PCI* in oifro. Finally, a decrease in 
platelet sensitivity to PGI, was observed in non-smok¬ 
ers after active as well as after passive smoking. 

It is well-established that platelet sensitivity to PGI, 
is a reliable and sensitive test to examine platelet func¬ 
tion.* 0 u In * ir experiments, there were two lines of 
evidence fo the reliability of this procedure. First, 
platelet sensitivity to PGI, was reproducible in two dif- 



Ficunx 4 Sensitivity index of PCI, (SIrci*) before and efter passive 
smoking in smokers and non-smokers. 
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ferent populations (eg, in 14 volunteers smoking ac¬ 
tively and in 21 volunteers smoking passively). Second, 
platelet sensitivity to PGI, was sensitive in distinguish¬ 
ing between the platelet function of smokers and non- 
smokers Thus, it appears that this procedure is of 
additional value in examining platelet function in 
various circumstances. However, as with other platelet 
function tests, we do not know if this in cifno procedure 
accurately reflects platelet function in vivo. 

We have useji a rather high concentration of ADP, 
previously shown to be optimal for measurements of 
platelet sensitivity to PGI, 10 Therefore, our results of 
ADP-induced platelet aggregation cannot be compared 
with a previous study* using different, lower concen¬ 
trations of ADP. This study showed a significant 
increase of ADP-induced platelet aggregation after 
smoking. Nevertheless, even with the high ADP-eon- 
centration used in this study, there was a tendency 
towards an increase in ADP-induced platelet aggrega¬ 
tion after smoking two cigarettes in the non-smoker 
group. 

The influence of cigarette smoking on platelet func¬ 
tion has been investigated in several in vitro and in vivo 
studies/“ Although the precise effect is not clear, in 
most studies potentiation of platelet aggregation has 
been observed. Our findings of a diminished platelet 
sensitivity to an anti-aggregatory substance in smokers 
fits into the overall idea of a proaggregatory effect of 
cigarette smoking Chronic smoking can desensitize 
blood platelets to PGI,; such platelets would hypothet¬ 
ically be more ready to aggregate and participate in 
plug formation, leading to arterial thrombosis. Our re¬ 
sults are thus in agreement with the well-known clini¬ 
cal finding of the increased incidence of thromboem¬ 
bolic diseases in smokers ” Since causes other than 
smoking could conceivably have led to a decrease in 
platelet sensitivity to PCI, observed in our smokers, 
we investigated whether smoking two cigarettes would 
acutely influence platelet sensitivity to PGI,. A signifi¬ 
cant decrease in platelet sensitivity to PGI, in non- 
smokers indicated that cigarette smoking is responsi¬ 
ble for the decreased platelet sensitivity to PGI, in 
smokers. 

The feet that acute smoking did not alter platelet 
sensitivity to PGI, in chronic smokers remains to be 
clarified. One explanation is that smoking two ciga¬ 
rettes exhibits a much lower emotional stress in smok¬ 
ers than in non-smokers. Since platelet aggregation has 
been shown to vary with emotional stress,® this could 
have led to a different platelet behavior after acute 
smoking. We did not measure plasma epinephrine 
concentrations parallel to platelet function in this 
study. However, if one compares blood pressure and 
heart rate before and after smoking two cigarettes in 
smokers and non-smokers, one will find: a) no statis¬ 
tical significant changes in blood pressure, and b) a 


similar, marked increase in heart rate in both groups. 
Despite not being statistically significant, there was an 
obvious increase in systolic and diastolic blood presr 
sure after smoking two cigarettes in the non-smoking 
group (Fig 1) This increase could have reached statis¬ 
tical significance if more patients had been studied. 
Nevertheless, it seems unlikely that different adre¬ 
nergic stimuli were responsible for the difference in 
platelet behavior after acute smoking 

An alternative explanation is that acute smoking in¬ 
fluences lung function parameters differently in smok¬ 
ers and non-smokers, which could cause differences in 
platelet function Since no significant change in King 
function could be demonstrated in either group after 
smoking two cigarettes, we strongly feel that differ¬ 
ences in lung function cannot account for the different 
behavior in platelet sensitivity to PGI, after acute 
smoking It is interesting to note, however, that smok¬ 
ers revealed lower forced expiratory flow' rates at 50 and 
25 percent of vital capacity compared to non-smokers 
(table I) These findings confirm previous studies** 8 
indicating some degree of small airways disease in 
smokers. Finally, platelets of chronic smokers may 
already be desensitized to an extent where no further 
decrease is possible, but this alternative was not 
clarified. 

In recent years the possible consequences to the 
health of non-smokers exposed to cigarette smoke 
(passive smoking) have been examined 13 * It has been 
shown that passive smoking could lead to deterioration 
of lung function in adults* 5 and children .^ M Further; 
the effect of passive smoking on the development of 
lung cancer was studied epidemiologically in Japan, 17 
indicating the possible importance of passive smoking 
as one of the causa] factors of lung cancer To our 
knowledge, there is no evidence published so for indi¬ 
cating a higher risk of developing arterial thrombosis in 
passive smokers. 

In the present study of healthy male non-smokers, 
we found a significant decrease in platelet sensitivity to 
PGI, after acute passive exposure to tobacco smoke. 
This finding at least suggests that platelets of non- 
smokers passively exposed to tobacco smoke might also 
exhibit a higher tendency to aggregate. Further inves¬ 
tigation is needed to elucidate whether this finding is 
important with respect to a possible increased inci¬ 
dence of thromboembolic disease among non-smokers 
passively exposed to cigarette smoke. 

In any event, the present study has suggested that 
active and passive tobacco smoking is primarily re¬ 
sponsible for a decrease in platelet sensitivity to PGI, 
in vitro. Although the results obtained in vitro cannot 
be directly extrapolated to in vivo situations, they may 
extend our understanding of the mechanisms by which 
smoking increases the risk of embolic disease. 
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